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Abstract 
Evidence suggests that Lean, Six Sigma and Green approaches make a positive contribution 
to the economic, social and environmental (i.e. sustainability) performance of organizations. 
However, evidence also suggests that organizations have found their integration and 
implementation challenging. The purpose of this research is therefore to present a framework 
that methodically guides companies through a five stages and sixteen steps process to 
effectively integrate and implement the Green, Lean and Six Sigma approaches to improve 
their sustainability performance. To achieve this, a critical review of the existing literature in 
the subject area was conducted to build a research gap, and subsequently develop the 
methodological framework proposed. The paper presents the results from the application of 
the proposed framework in four organizations with different sizes and operating in a diverse 
range of industries. The results showed that the integration of Lean Six Sigma and Green 
helped the organizations to averagely reduce their resources consumption from 20% to 40% 
and minimize the cost of energy and mass streams by 7-12%. The application of the 
framework should be gradual, the companies should assess their weaknesses and strengths, set 
priorities, and identify goals for successful implementation. This paper is one of the very first 
researches that presents a framework to integrate Green and Lean Six Sigma at a factory level, 
and hence offers the potential to be expanded to multiple factories or even supply chains.  
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1. Introduction 
Recently, with the rise of operations, environmental, social and quality improvement 
methodologies such as Lean, Six Sigma, Green operations (hereinafter Green), among others, 
and the increasing concerns for the environment and social responsibility, the market 
dynamics have changed (Garza-Reyes 2015a). Traditionally, production efficiency and 
profitability, and later quality, flexibility, and customer satisfaction emerged as new 
competitive criteria (Garza-Reyes 2015a; Green et al. 2012). However, with the growing 
pressure from various stakeholders to improve social and environmental performance, 
organizations have now been forced to change their approaches to managing processes and 
operations (Wong and Wong 2014; Garza-Reyes 2015a; McCarty et al. 2011). According to 
Bergmiller and McCright (2009), the three dimensions of sustainability (economic, social, and 
environmental) need to be taken into consideration by organizations to keep their competitive 
edge. In this scenario, the challenge for organizations is to meet all their stakeholders’ needs 
through attaining positive economic performance while finding the right balance among the 
triple bottom line of sustainability (Alves and Alves 2015; McCarty et al. 2011).  
     To this end, Lean and Green have emerged as major parts of the sustainability answer 
(Cherrafi et al. 2016a). The combination of Lean and Green seems natural (Garza-Reyes 
2015a), and is evident in the academic literature (Franchetti et al. 2009; Carvalho and Cruz-
Machado 2009; Bergmiller and Mccright 2009; Martínez-Jurado and Moyano-Fuentes 2013; 
Dües et al. 2013; Hajmohammad et al. 2013; King and Lenox 2001; Kleindorfer et al. 2005). 
Researches have discussed and investigated the relationship between Lean and Green by 
highlighting the divergences and synergies between the two (Bergmiller and Mccright 2009; 
Carvalho and Cruz-Machado 2009), possible benefits of their integration in different contexts 
(King and Lenox 2001; Franchetti et al. 2009), their impact on organization’s performance, 
and their theoretical integration (Bergmiller and Mccright 2009; Kleindorfer et al. 2005; 
Cherrafi et al. 2016a). In a more recent research, Cherrafi et al. (2016a) and Garza-Reyes 
(2015b) conducted an extensive literature review on the relationship between Lean and Green. 
From these researches it is possible to conclude that: 
1. Companies that are Lean can simply integrate Green practices, and consequently 
improve their sustainable performance (Pampanelli et al. 2014; Dües et al. 2012; 
Hajmohammad et al. 2013; Carvalho and Cruz–Machado 2009; Mollenkopf et al. 
2010). 
2. There is an intrinsic relationship between Lean and Green initiatives (Franchetti et al. 
2009; Ng et al. 2015; Dües et al. 2013). 
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3.  Lean is successful when used for reducing environmental and social impacts (EPA 
2006; EPA 2003; Franchetti et al. 2009; Chiarini 2014; Langenwalter 2006). 
4. The integration of Green and Lean strategies benefits firms (EPA 2009; King and 
Lenox 2001; Bergmiller and McCright 2009; Dües et al. 2013; Carvalho and Cruz–
Machado 2009; Hajmohammad et al. 2013). 
5. The integration of Green and Lean strategies can have a more important, positive 
impact on the bottom–line performance when implemented together (Cabral et al. 
2012; Carvalho and Cruz-Machado 2009; Bergmiller and McCright 2009; Kleindorfer 
et al. 2005). 
     As a result, a number of frameworks have been proposed to integrate Green and Lean. 
However, evidence indicates that the integration of the two strategies may have inherited the 
same limitations as the individual Green and Lean approaches, but that these may be 
overcame through the integration of Six Sigma (Garza-Reyes 2015a). Green, Lean and Six 
Sigma are three strategies that are compatible and complementary; thus, each strategy has the 
capacity to reduce the shortcomings of the others (Garza-Reyes 2015a; Banawi 2014). Lean is 
characterized by its ability to identify and eliminate waste (Klotz et al. 2007), but it does not 
take into consideration environmental impacts (EPA 2006; Pampanelli 2014). Hence, 
organizations have implemented Green to fill this gap (Sharrard et al. 2008; Ng et al. 2015; Li 
et al. 2010). Later, studies have proposed to integrate Green and Lean in order to reduce 
environmental wastes, but their integration has not helped organizations to achieve peak 
sustainability performance. Six Sigma has the capacity to address this gap (Garza-Reyes 
2015a; Banawi 2014; Han et al. 2008).  It offers a rigorous and disciplined structure for 
executing problem solving and improvement initiatives (Garza-Reyes, 2015a). In this context, 
the use of the DMAIC (define-measure-analyze-improve) model can provide Green Lean with 
a more specific and holistic project-based orientation to the implementation of Green Lean 
initiatives. In addition, according to Garza-Reyes (2015a), the systematic, data- and 
statistical-driven characteristic of Six Sigma can complement the Green Lean approach and 
contribute in overcoming the limitations and challenges of this concept. Despite the 
encouraging results shown by integrating Green and Lean Six Sigma, we reveal various 
challenges faced by organizations during the implementation of these initiatives. Thus, the 
key challenge is how to effectively integrate the two strategies. Moreover, until now, a 
generic framework to integrate Lean, Green and Six Sigma to guide companies of any 
industrial sector and size to improve their sustainability performance has not yet been 
proposed. Consequently, a contemporary research problem in the area of Green Lean Six 
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Sigma (GL2S) is to effectively integrate and implement Green and Lean Six Sigma in 
companies with different processes and organizational cultures. Another important question is 
how to take into consideration project management aspects such as stakeholders’ 
requirements, monitoring and controlling, and knowledge management while integrating 
Green and Lean Six Sigma. Therefore, the purpose of this work is to: 
1. Develop a framework, called the GL2S Framework, which aims to increase 
productivity in the consumption of resources and reduce environmental and social 
impacts;  
2. Explain the transformation process and the adequate steps for implementing this 
framework in a practical and easy manner in order to help organizations achieve 
sustainability;  
3. Demonstrate that this framework can be implemented by any type of organization and 
can reduce costs and improve environmental and social performance.   
 
2. Literature review and research gap 
Because of the challenges that companies face when integrating and implementing Green, 
Lean/Six Sigma, various frameworks have been proposed to support organizations with this 
endeavor. The present study identified 14 frameworks through an extensive and critical 
review of the academic literature (Table 1 and Table 2). The location of the frameworks was 
carried out by using search strings linked to the main topic of the phenomenon under 
investigation. Similarly as Garza-Reyes (2015b), the context-intervention-mechanism-
outcome (CIMO) (Briner and Denyer, 2012) approach was followed to facilitate the 
exclusion/inclusion criteria of the search strings. Search strings included (Lean), (Green), (Six 
Sigma) (Green Lean Six Sigma) (Lean Green), (models) and (framework). These search 
strings used Boolean operators (i.e. AND and OR) to identify further relevant papers. The 
search strings were input into Electronic databases that included Elsevier (sciencedirect.com), 
Taylor & Francis (T&F) (tandfonline.com), Emerald (emeraldinsight.com), Springer 
(springerlink.com), IEEE (ieeexplore.ieee.org), Inderscience (inderscience.com) and Wiley 
(onlinelibrary.wiley.com). Other data bases such as ISI Web of Science (wokinfo.com), 
EBSCO (ebscohost.com), and Google Scholar (scholar.google.com) were also consulted to 
broader the search of articles and validate those already located. For the sake of rigor, the 
literature review included only peer–reviewed journal articles. A final sample of 19 articles 
was identified. However, only 14 of these discussed rigorous frameworks to integrate 
Lean/Green and Six Sigma, and hence were further considered in this study.  
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     The literature review divulged issues that are common among different frameworks. These 
refer to the need for leadership, employee involvement, and a mature organizational level in 
applying Lean/Six Sigma tools and a good level of environmental awareness as important 
issues for cultural transformation and continuous improvement (Pampanelli et al. 2013; Zhang 
and Awasthi 2014; Ng et al. 2015). All the frameworks are based on a continuous 
improvement culture. The methodologies most applied are PDCA (plan-do-check-act), 
DMAIC and Kaizen events. Generally, these frameworks start the implementation process by 
evaluating the current state of the sustainability performance before selecting the right 
techniques and tools to progress toward sustainability. The following section discusses some 
of the most relevant and recent frameworks.  
     Banawi and Bilec (2014) proposed a framework for integrating Green, Lean and Six 
Sigma in the construction industry. It is the only framework in the literature that integrates the 
three approaches. Its structure is based on DMAIC and organized into three steps: 
• Step 1: Define and Measure; 
• Step 2: Analyze and Improve; and 
• Step 3: Control. 
     The first step aims to select a process for evaluation through the application of Value 
Stream Mapping (VSM) and Life Cycle Assessment (LCA) for identifying and quantifying 
environmental waste. Step 2 selects the right Six Sigma tools to reduce or eliminate wastes. 
Finally, step 3 re-evaluates the environmental wast  using VSM and LCA to measure its 
reduction. Banawi and Bilec (2014) used a case study of pile cap installation to illustrate its 
application and associated results. They concluded that LG2S framework offers a 
comprehensive, multi-stage approach for process improvement and minimization of life cycle 
environmental impacts. 
     Pampanelli et al. (2014) proposed a model which integrates green into pure lean thinking 
by adopting a Kaizen approach to reduce energy and mass consumption in lean manufacturing 
cells. The model involves five steps: 
• Step 1: Stabilizing the value stream; 
• Step 2: Identifying environmental aspects and impacts; 
• Step 3: Measuring environmental value streams; 
• Step 4: Improving environmental value streams; and 
• Step 5: Continuous improvement. 
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     Step one justifies the necessary pre-requisites for implementing the framework by 
identifying a cell that consumes important resources, has successful experience in 
implementing lean tools, and has a production flow that is stable. Step 2 determines the pilot 
area based on the identification of the relevant environmental impacts according to ISO 
14001.  Step 3 identifies, measures and collects environmental data such as energy, water, 
metallic and contaminated waste, oils and chemicals, and effluents. Step 4 identifies waste 
elimination opportunities by conducting Kaizen workshops, whereas step 5 develops action 
and communication plans for continuous improvement. 
     Verrier et al. (2014) proposed a framework for integrating green and lean to improve 
economic, environmental and social performance. The framework comprises green 
performance, lean and green intentions indicators. It needs a group of organizations for 
benchmarking their experiences in order to share the best knowledge and practices.    Alves 
and Alves (2015) developed a model, and its implementation approach, to integrate 
sustainability and lean concepts, supported by a cultural transformation. The proposed model 
uses lean techniques and tools to minimize the consumption of natural resources and 
eliminate wastes. Cultural transformation is injected into the model using organizational 
actions to change attitudes, values, behaviors and outcomes by sharing knowledge and 
developing employee skills. The model involves: 
• Stage 1: Structuring the implementation process; 
• Stage 2: Implementation planning; 
• Stage 3: Implementation of improvements; 
• Stage 4: Stabilization of the processes; and 
• Stage 5: Sharing knowledge and continuous improvement. 
Using the findings from the literature review, the following gaps were identified: 
• Table 1 reveals that the majority (11/14) of the frameworks have been developed 
without taking into consideration already existing frameworks in the area of GL2S. 
Only 3 frameworks (3/14) were fitted into the group of adapted frameworks.  
• Twelve/14 of the existing frameworks were proposed by scholars, and only one article 
was published by academicians and practitioners. Therefore, there is a need to 
encourage more collaboration between all fields of researchers (practitioners, 
consultants and academics) to build more effective frameworks in a practical 
structured form with robust theory. 
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• Table 1 shows that only 8/14 of the existing frameworks were tested using case study. 
Authors should test their work in a real industrial setting to encourage organizations to 
implement these frameworks.  
• The number of frameworks developed in the GL2S stream was small compared to 
other streams (i.e. only one framework has attempted to integrate Green, Lean and Six 
Sigma). 
• Collaboration and networking, especially with academic institutions and government 
bodies, to support sustainable manufacturing is not discussed in the existing 
frameworks. 
• Few frameworks discuss stakeholders’ requirements, monitoring and controlling, 
knowledge management and how to integrate Green and Lean Six Sigma with limited 
resources. The implementation of GL2S should be conducted as a complete project 
that is thoroughly planned, implemented, monitored, controlled, evaluated and 
documented for lessons learned. 
• Little attention has been given to the implementation sequences of the frameworks. In 
addition, the majority of the frameworks have been developed to help organizations 
implement these in specific industrial sectors instead of being generic frameworks.  
     It is clear from the  literature review that significant shortcomings exist. To overcome 
these limitations and promote GL2S, comprehensive and simplified implementation 
frameworks are necessary. This motivated the authors to conduct this research.  
 
[Insert Table 1 about here] 
[Insert Table 2 about here] 
 
3. Research methodology 
This study presents a research project conducted between the 15 September 2013 and 30 
December 2015 by a team of Lean Six Sigma and Green specialists from academia and 
industry. The project was carried out in four companies with different organizational 
characteristics (see Table 3).  
     The GL2S framework was developed to improve sustainability performance. We aimed to 
achieve this goal by (1) increasing productivity in the consumption of resources; (2) 
decreasing environmental impact and (3) improving employee commitment. Figure 1 
illustrates the research approach adopted in this study. The framework was developed, 
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implemented and tested through a process of two macro-stages: intelligence and conception 
(Moreira et al. 2015). The intelligence stage aimed to present a literature review of concepts, 
theory and frameworks in the field of GL2S. This step was completed with the opinions of 
participants based on their experience in the implementation of Green practices and Lean Six 
Sigma projects. The main output of this phase was a map of the theory and previous works, 
which led to the identification of research gaps.  
     The conception macro-stage aimed to develop, validate and implement the framework. 
Each step took place through discussions with the experts and researchers using written 
feedback, workshops and conferences. The framework was first applied in company C1 in 
order to test its validity, overall structure, and make the necessary adjustments before rolling 
it out to the other companies. 
     The framework was built through a process of action learning cycles. These cycles were 
based on four phases of learning: (a) identify general idea; (b) action steps; (c) monitoring 
implementation and effects; and (d) reconnaissance and summary of learning. At the 
conclusion of each stage researchers and experts together critically evaluated the weaknesses 
and strengths of the process adopted to make sure that the objectives were achieved.  
 
[Insert Table 3 about here] 
[Insert Figure 1 about here] 
 
4. Structure of the proposed framework and its implementation method 
The proposed GL2S framework explains how organizations can integrate Lean Six Sigma and 
Green in a systematic manner to improve economic, environmental and social performance. It 
consists of self-assessment models and five phases broken down into sixteen steps. 
Controlling and monitoring the process is integrated in all phases to ensure that the expected 
goals towards GL2S initiatives are achieved. Figures 2 and 3 illustrate the main 
implementation stages and sub-activities suggested to be performed in every stage. These are 
discussed in the following sections. 
 
[Insert Figure 2 about here] 
[Insert Figure 3 about here] 
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Phase 0: Readiness for GL2S initiative 
Stage 0 is based on the diagnostic of requirements for the implementation and determination 
of the maturity stage of an organization to embark on a GL2S journey. We suggest the use of 
a self-assessment model (Appendix 1) as an instrument for assessing the actual situation of a 
company and its ability to undertake a new initiative. This self-assessment model was 
developed based on the Shingo, European Foundation for Quality Management (EFQM), 
Business Excellence (BE) and the Malcolm Baldrige National Quality Award (MBNQA) 
models (SP, 2010, 2012; EFQM, 2009, 2011; MBNQA, 2011; BEF, 2016). It is comprised of 
six elements to evaluate an organization’s preparedness to implementing GL2S: 
1. Leadership and people; 
2. Green  and Lean Six Sigma tools; 
3. Processes improvement; 
4. Strategy and planning; 
5. Stakeholders; 
6. Result and Knowledge management. 
     Based on this self-assessment model, we proposed the Green Lean Six Sigma Preparedness 
Index (GL2SPI) to measure the organization’s readiness to implement GL2S. For each 
variable within each factor, a score is calculated based on five levels. The GL2SPI is 
calculated as an arithmetic mean of the different criteria. A score higher than 40 percent 
confirms that the organization is able to start the GL2S journey. This standard score was 
determined based on the scoring developed by BEF framework (BEF, 2016). 
     The self-assessment model also integrates a Green assessment as a mean to establish the 
current status and determine the best way to reduce environmental wastes and emissions.  
Phase 1: Conceptualization stage 
This is the kick-off phase, which helps a company to deal with the rational of the 
transformation process and measure the commitment level from the central management 
team. The principal knowledge and information of GL2S are transferred to the team. This 
preliminary phase is a vital step in establishing the foundations of the entire GL2S process.  
Step1: Recognize the need for transformation 
It is suggested that the need for transformation to integrate Green and Lean Six Sigma should 
be holistically justified prior to any action. This need for transformation may be externally 
driven by a variety of internal and external drivers (Cherrafi et al. 2016a). Table 4 provides a 
summary of external and internal transformation drivers. Internal drivers may be intertwined 
Page 12 of 53
http://mc.manuscriptcentral.com/tprs  Email: ijpr@tandf.co.uk
International Journal of Production Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
10 
 
with external drivers to force the organization to think about the need for integrating Green 
and Lean Six Sigma. The strategic analysis would help organizations to identify their 
strengths and weaknesses and prioritize the potential transformation needed. It is important to 
note that linking GL2S project to business strategy and shareholders needs is critical for 
successful implementation.  
 
[Insert Table 4 about here] 
 
Step 2: Ensure involvement of managers and leaders 
Top management plays a crucial role in facilitating change in a company, especially in the 
first wave of projects. A GL2S initiative must start with the management’s own commitment 
to improve sustainability. Without top management commitment, financial and human 
resources necessary to deploy improvement efforts will not be approved and the project can 
fail before it has even started. Table 5 summarizes the key responsibilities and roles of 
managers and their performance measures. 
 
[Insert Table 5 about here] 
 
Step 3: Develop training program for leaders 
Organizations can use a variety of strategies to build their internal capacity to implement 
GL2S initiatives. Because the proposed framework is based on low-cost solutions, the best 
strategy to save resources is to collaborate with non-profit organizations, academic 
institutions and local government to get advantage of funding opportunities, obtain free 
technical assistance, and develop training courses. Governmental organizations such as the 
US Environmental Protection Agency (EPA) has developed toolkits and guides to help 
organizations reduce waste, become more sustainable and improve sustainability performance 
(http://www.epa.gov/Lean/). These agencies may also offer training courses and have 
downloadable resources on their websites. Academic institutions can also help organizations 
by proving training on techniques and tools of GL2S, students’ internships to participate in 
GL2S initiatives, and support from academics. Organizations have also the opportunity to 
benefit from free scientific resources that are available on numerous websites on the internet. 
Appendix 2 shows some of the websites that provide resources on GL2S. 
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Phase 2: Implementation design stage 
This is the warming up phase. It helps organizations to build momentum for implementing the 
transformation through the identification, selection and motivation of the team members, 
selection of first pilot project and determination of stakeholder’s requirement and needs in 
order to validate the scope of project. 
Step 4: Select best employees for the first GL2S projects 
It is important to select the best employees from all levels and departments with good 
technical and human skills to participate in the first wave of projects. This provides a strong 
indication to other employees that the organization is engaged in the implementation of GL2S 
initiatives. The organization can select the right people based on leadership skills and 
psychological factors. Key elements to consider are: 
1. Availability of employees; 
2. Ability to take responsibilities; 
3. Knowledge of their functions and organization’s structures; 
4. Ability to serve as an informational resource for other employees in the company; 
5. Enthusiastic about the GL2S team’s mission; 
6. Good reputation and experience of participating in continuous improvement projects. 
     In terms of the number of team members, no research has focused on determining an 
optimum number. We consider that this number depends on many factors such as the 
complexity of the process under improvement, organization’s environment, and the 
knowledge of the members. Ideally, the project team should consist of employees from 
different departments of the organization. The project team can also include members from 
outside the organization, e.g., internship students and academics. These members would 
provide an independent point of view to projects.  
Step 5: Select pilot project 
The selection and prioritization of the projects depends on the understanding of the overall 
processes. The easy way to understand processes and identify opportunities for improvement 
is by developing a VSM. In addition, to decide which organizational function and/or 
parameters (e.g. water consumption, CO2 emissions, energy consumption, etc.) should be 
targeted first, organizations can use various Lean Six Sigma tools. These tools include quality 
function deployment, Pareto analysis, cost benefit analysis, project selection matrix, etc. 
(Garza-Reyes 2015a). 
     The results of the initial projects should be achieved in a short period of time with 
minimum effort and great financial return. It is desirable that these projects focus on key 
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problems with strategic alignment to organization priorities and should be driven by data and 
voice of the stakeholders.  
Step 6: Define stakeholder requirements, project charter and validate scope of project 
In this step, the main task is to identify the concerns and sustainability priorities of 
stakeholders. Techniques to facilitate this include surveys, interviews, focus groups and study 
of stakeholder’s complaints. During this step, a draft project charter is also developed. It 
includes a short description of the process under study and the project goals. It should also 
include some milestones and define the responsibilities and roles of the team members.   
Phase 3: Implementation and evaluation stage 
This is the execution phase, which helps organizations to begin the change. This phase also 
includes an evaluation step in order to standardize and validate the implementation results. 
Step 7: Select useful performance indicators 
The implementation of GL2S initiatives requires appropriate metrics to identify and drive 
improvement. It is important that the indicators selected in this step reflect the priorities 
identified in steps 5 and 6. In addition, it will be necessary to select indicators that can help 
organizations to efficiently measure the three dimensions of sustainability. Figure 4 shows the 
process for selecting right indicators.  
     In order to facilitate the benchmarking between peers, the use of defined normalization 
indicators is essential. The use of indicators will require the management of different data. It 
is vital to set up a clear process to ensure that data is collected and managed in a robust and 
meaningful manner. Moreover, organizations should use visual management techniques to 
monitor the progress of their key performance indicators (Alves and Alves 2015).  
 
[Insert Figure 4 about here] 
 
     Organizations can start improving their sustainability performance on the basis of a few 
indicators. Then build on it over time as their experience grows and the value of using the 
indicators becomes clear, as illustrated in Table 6. 
 
 [Insert Table 6 about here] 
 
Step 8: Measure current performance 
The purpose of this step is to document the present state of the process under study, and 
develop a baseline performance data to guide the improvement efforts. In this step, the team 
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sets up a clear process and practices to conduct the measurement and data collection. It is 
important to ensure that the methods used for undertaking the measurements are accurate and 
valid. Also, organizations must be able to ensure that the measurements are shared and 
reviewed in order to address any problems or wastes (e.g. excessive energy consumption, raw 
material consumption, CO2 emissions, etc.)  
Step 9: Select the right Green and Lean Six Sigma methods and tools  
This step aims to select the right and appropriate Green and Lean Six Sigma tools in order to 
analyze and improve the current performance measured in the previous step.  
     Once the team finds that the data collected has a statistically valid sample size, their results 
will help the organization to have a clear picture of their current performance. Based on this, 
the team will have to shortlist some of the methods and tools that can help the organization to 
overcome the problems highlighted by measurement. After the tools and methods have been 
shortlisted, the team should conduct a feasibility study to select the best methods and tools 
according to the organizational culture and needs. Appendix 3 provides a summary of some 
methods and tools that can be used for improving sustainability performance. 
     It is essential to remember that is a big mistake to think that the simple introduction of 
such tools and methods would lead firms to the successful implementation of GL2S. The 
methods and tools need to be carefully selected and used judiciously by involved people, and 
must fit with the organization in place (EPA, 2003; Cherrafi et al. 2016a). As indicated in 
Appendix 3, the project team can use several Lean Six Sigma tools to stratify and analyze the 
available data in order to identify root causes of problems. The authors suggest implementing 
5S first in order to improve workplace organization, cleanliness and safety. Additionally, 
tools such as Pareto analysis, cause and effect analysis, 5 whys, time and motion studies, 
scatter plots, design of experiments, and analysis of statistical data can be used in this step. 
The results will determine the critical few root causes of wastes and the excessive use of 
water, energy, CO2, raw material, etc. 
Step 10: Identify improvement opportunities  
As data are collected and key causes are identified, the team begins to develop potential 
solutions to address the root causes. The team can typically work through a series of 
brainstorming workshops to generate creative solutions to reduce/eliminate sustainability 
related wastes. 
Step 11: Analyze the solutions and develop an improvement plan 
The team should evaluate each solution identified in the previous step in an objective manner 
using multiple criteria decision to determine appropriate solutions. Criteria usually include 
Page 16 of 53
http://mc.manuscriptcentral.com/tprs  Email: ijpr@tandf.co.uk
International Journal of Production Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
14 
 
cost and time of implementation, economic gains resulting from improvement, easy 
implementation and permanence of the solution. The team can use priority matrix or Pugh 
matrix to find the feasible solutions. 
     Once the team has selected appropriate solutions a development plan is followed. In this 
task, the team should determine the implementation plan.  
Step 12: Implement the action plan and start change management process 
A successful implementation requires resource allocation, budgeting, documentation and 
communication plans. In order to minimize risks during this step, the team can use Failure 
Mode and Effects Analysis (FMEA) to identify and address potential problems that may arise 
during the implementation of solutions. It is important to take into consideration the impact of 
the change on the employees that are affected by the process. The team should develop a 
change-management approach, by analyzing the concerns and needs of different stakeholders, 
and developing a thoughtful communication plan. 
Step 13: Measure the impact of the improvements and sustain results 
After the complete implementation of the solutions, the team should measure their impact to 
determine if the key metrics show improvement. At this point, frequent evaluations are 
required in order to ensure stable and predictable results.  
     It is essential to measure at the same time the economic, environmental and social 
performance to make sure that there is not a trade-off between the different types of impacts. 
Once the team is able to show improvement results, then it can move on to set the 
mechanisms for ongoing monitoring and institutionalization of improvements (Pyzdek 2014). 
Statistical tools such as run chart and statistical process control can be employed by the team 
to monitor important process parameters of sustainability.  
Phase 4: Share knowledge and develop a culture of continuous improvement for 
sustainability 
This phase aims to capture and share the best practices, knowledge and learning acquired in 
order to set the basis for continuous improvement and sustainability. 
Step 14: Commitment to operational and sustainability excellence   
Commitment to operational and sustainability excellence is a challenging mission that many 
organizations around the globe struggle to achieve. The development of human resources 
engaged to drive continuous improvement in meeting the internal and external stakeholder’s 
requirements is the appropriate answer. Thus, lessons and experiences learned throughout the 
project should be captured and shared. This is the basis for building a culture of continuous 
process improvement.  
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Step 15: Communicating and celebrating initial success 
Acknowledgements and celebration of success should be adequate with the organization’s 
culture and should be prepared in collaboration with the finance and human resources 
departments. All the economic, environmental and social benefits generated from the 
initiative should be communicated and reported. Multiple communication supports such as 
intranet and internal company can be exploited to contribute to internal marketing of GL2S 
initiatives. Such actions are important to motivate employees and increase their involvement 
and commitment to resolve problems concerning sustainability.  
Step 16: Transition towards learning organization 
Transition towards becoming a learning organization would help companies to sustain this 
initiative and its gains in the long-term. It is vital that organizations allocate necessary 
resources for mass and continual training of employees. Training programs should be based 
on needs of employees, with regular briefings and performance reviews in order to increase 
their effectiveness. Training programs should not only focus on techniques and tools of GL2S 
but also on soft issues such as leadership, team building, communication, motivation, etc.  
 
5. Results 
The pilot testing phase was carried out in company C1. Table 7 describes the main 
characteristics of the company where the GL2S Framework was applied. 
  
[Insert Table 7 about here] 
 
     The pilot testing phase was carried out on May-August 2015 and followed the five phases 
of the proposed framework, see following sections. This event engaged a multidisciplinary 
team of 19 employees, comprising managers and team leaders, technical services staff and 
GL2S experts.  
Phase 0: Readiness for GL2S initiative 
In order to determine the preparedness of company C1 to implement GL2S initiative, a 
number of interview sessions with top management, employees and on-site visits were 
conducted. Based on the observation, the self-assessment was completed and the scores were 
transferred to a radar chart, see Figure 5. 
 
[Insert Figure  5 about here] 
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     Once the score of each parameter was determined, a graph comparing the results obtained 
to the required GL2SPI was created, see Figure 6.  
 
[Insert Figure  6 about here] 
 
     The results indicated that company C1 was ready to embark on phase 1 of the GL2S 
journey. 
     The result of the green assessment (Figure 7) indicated that key environmental issues in 
the production processes of company C1 were high consumption of water and energy. There 
was also concern with the health and safety of workers as the number of accidents was high. 
There were various environmental wastes embedded in the production processes that were 
ignored by employees because the company had concentrated more on production and quality 
than on sustainability. 
 
[Insert Figure  7 about here] 
 
Phase 1: Conceptualization stage 
Step1: Recognize the need for transformation 
Company C1 exports its products to a worldwide market. Over the recent years, the company 
has encountered fierce competition from low-labor-cost countries. This competition forced it 
to implement Lean Six Sigma in order to reduce costs. This mainly included the minimization 
of non-conforming products, improvement of productivity and machine availability. Today, 
company C1 is aware that its competitiveness is impacted also by a poor sustainability 
performance in terms of resources management. The company is motivated to implement the 
GL2S initiative to identify opportunities for improving resource efficiency by addressing 
existing challenges, e.g., high energy consumption, materials and water losses. Company C1 
had also signed a partnership deal with a world market leader of canned products to provide 
access to a wide distribution network around the world. This partnership engaged the 
company to implement the Business Social Compliance Initiative (BSCI) to improve working 
conditions and reduce the environmental impacts of their plants.  
Step 2: Ensure involvement of managers and leaders 
Top management of company C1 was strongly committed to implement the GL2S initiative. 
They viewed their environmental problems as opportunities to improve the company’s 
competitiveness. They were committed on providing appropriate resources and making the 
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initiative a top priority. According to the CEO, the company’s long term vision was for GL2S 
to become a key part of the company’s culture.  
Step 3: Develop training program for leaders 
Company C1 designed and implemented an education and training program with assistance 
from academics.  This training program was developed based on the toolkits, guides and case 
studies provided by the US Environmental Protection Agency (EPA) and Washington State 
Department of Ecology. To be more efficient, the ‘train the trainer’ approach was adopted. In 
the first stage of training, several managers and team leaders from different departments 
received GL2S training who, in turn, trained other employees in their departments.  
     The training program focused on four key elements: 
1. Lean Six Sigma and Green terminology and tools; 
2. Methodology to integrate Lean Six Sigma and Green; 
3. Techniques to identify and eliminate environmental wastes; 
4. Strategies for communicating, managing change and working together internally. 
Phase 2: Implementation design stage 
Step 4: Select best employees for the first GL2S projects 
With assistance from the human resources department, the GL2S team was selected based on 
their experience, knowledge, availability and personality (see Figure 8). It is consisted of 
managers, engineers, supervisors and operators from manufacturing, maintenance and quality 
departments. This team also included the team of co-authors and a graduate student. 
 
[Insert Figure  8 about here] 
 
Step 5: Select pilot project 
Through a number of brainstorming sessions, potential projects were identified based on their 
alignment to strategic planning and organizational objectives of company C1, duration and 
impact on stakeholders. Three projects were retained and their prioritization was done based 
on the GL2S project selection grid as shown in Figure 9. The project “Improve the resource 
efficiency” was chosen to address the high consumption of water and energy. 
 
[Insert Figure  9 about here] 
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Step 6: Define stakeholder  requirement, project charter and validate scope of project 
In this step, the traditional SIPOC (Supplier, Input, Process, Output, and Customer) was 
expanded to include process constraints (Cherrafi et al. 2016b). A SIPOCC (Supplier, Input, 
Process, Output, Customer, and Constraint) diagram was hence drawn for fish and seafood 
canning process as shown in Figure 10. It was used as an input to identify the stakeholders’ 
and determine the project’s scope. 
 
[Insert Figure  10 about here] 
 
     To ensure that the goals of the project were in line with stakeholders requirements, data 
were collected through interviews with different stakeholders. The stakeholders’ comments 
were analyzed and translated to measurable requirements using the translation matrix shown 
in Figure 11.  
 
[Insert Figure  11 about here] 
 
     After the identification of stakeholders’ requirements, the project team developed a charter 
to outline the project goals and set the project direction. This is shown in Table 8. 
 
[Insert Table 8 about here] 
Phase 3: Implementation and evaluation stage 
Step 7: Select useful performance indicators 
Based on steps 5 and 6, the project team identified for each improvement area a key 
performance indicator. The improvement metrics identified are indicated in Table 9. 
 
[Insert Table 9 about here] 
 
For “working conditions” two metric were defined: 
1. Physical Load Index (PLI): It was introduced by Hollman et al. (1999) to assess the 
physical work using the frequency of occurrence of different body positions and the 
handling of various loads (Faulkner and Badurdeen, 2014). The determination of the 
PLI score was based on a questionnaire and an equation. Details are provided in 
Appendix 4. 
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2. Work environment risk: This indicator covers four risk groups due to: Pressurized 
systems (P), Electrical systems (E), Exposure to high energy components (H), and 
Slip, trip, and call risk (S). A rating system of 1-5, as shown in the Appendix 5, was 
used to evaluate each potential risk. 
Step 8: Measure current performance 
To understand and measure the current performance of the fish and seafood canning process, 
an extended VSM which included the use of water, electricity, steam, non-productive output 
(waste water, odor, solid waste generation) and working conditions indicators was created. 
This is shown in Figure 12.  
 
[Insert Figure  12 about here] 
 
Step 9: Select the right Green and Lean Six Sigma methods and tools 
Root causes that affected resources inefficiencies, environmental wastes and working 
conditions were investigated. The project team used several Lean Six Sigma tools, including 
Pareto analysis, cause and effect analysis and 5why to identify the root causes of the high 
consumption of resources and waste generation. Figures 13 and 14 show examples of the 
tools used to understand the high water consumption. 
 
[Insert Figure  13 about here] 
[Insert Figure  14 about here] 
 
     The project team conducted a Gemba walk in order to observe and inventory inefficiencies 
related to resources use. These included:  
• Over production of 975 parts per day. This meant high levels of inventory in the shop 
floor. Thus, overproduction was consuming energy providing air conditioning and 
lighting to the extra floor space required. 
• High energy consumption in the form of lighting and air conditioning for the 
inventory at the warehouse. 
• Unnecessary movement of products due to high WIP. 
• High consumption of resources in terms of resources per correct part produced as 
there was a high defect rate. 
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• Energy waste in the form of waiting parts due to machine breakdowns at various 
stations. 
     From the findings it could be seen that there were various opportunities to decrease 
resources consumption.  
Step 10: Identify improvement opportunities  
Once the key causes were identified, the team developed potential solutions to address the 
root causes. 
5S: the team proposed the application of 5S. Once the workplace was cleaned and organized, 
potential environmental wastes became easier to identify. 
Manufacturing cell: the team also proposed to create manufacturing cells to the thawing and 
eviscerating stations to reduce long waiting times of products and eliminate transportation 
problems between stations. 
Standardized work: the team proposed to standardize the cleaning and packing processes by 
creating a manual and video of the process in order to ensure a consistent method. 
Total Productive Maintenance (TPM): the team proposed to apply TPM to reduce the 
breakdowns causing waits. In addition, resources reduction opportunities were integrated into 
autonomous maintenance activities. A periodic maintenance plan including cleaning, 
lubrication, inspection and corrective actions was proposed to eliminate process failures that 
generated scrap, rework and high resource consumption. 
Just-in-Time Production: The team proposed to apply Just-in-Time Production in order to 
reduce storage space. This would eliminate the need to freeze raw material, thus reducing 
energy and water consumption. 
Visual control: The team proposed to use visual controls to improve standardized procedures 
and help employees to take the appropriate actions according to the status of processes.  
Statistical Process Control (SPC): SPC was proposed to be used to monitor water and 
electricity consumption and that abnormal changes could be detected in a timely manner. 
Step 11: Analyze the solutions and develop an improvement plan 
Costs and benefits of each proposed solution were identified to determine if the estimated 
benefits were greater than the implementation costs.  Most of the costs were related to 
training, and the resources needed to implement the tools and to document the standardized 
procedures. The largest costs were related to corrective maintenance. The total investment 
was estimated at $US 190,042. 
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Step 12: Implement the action plan and start change management process 
Then, the improvement plan shown in Table 10 was created. Improvement actions were 
implemented across a three month period. We created an implementation plan for any 
improvements that would take more than one week to deploy or that required significant 
expenditures, and defined the associated costs and benefits at a finer detail than in step 11. 
Approval from the Finance Director to proceed with the implementation of the improvement 
opportunities was gained. 
     Improvements were implemented and appropriate processes redesigned to incorporate such 
improvements. As part of the project management of the implementation, weekly status 
reports were provided to the team. This included tasks that were completed and the status and 
estimated completion date. Any outstanding unresolved issues on an Item for Resolution 
Form were documented. 
     Additionally, a FMEA to identify and address potential problems that may arise was 
conducted. An example is provided in Table 11. 
Step 13: Measure the impact of the improvements and sustain results 
We measured the impact of the improvements after the progression of the improvement plan 
for approximately 8 months. 
Table 12 summarizes the pilot project’s results. 
 
[Insert Table 12 about here] 
 
     The results of the analysis showed also the improvements in terms of emissions to air, 
noise pollution and effluents. The improvements implemented were controlled through plans 
to sustain the results achieved through the project.  
Phase 4: Share knowledge and develop a culture of continuous improvement for 
sustainability 
Step 14: Commitment to operational and sustainability excellence   
The lessons and experiences learned throughout the project were collected and shared.  These 
lessons were categorized by project knowledge area and descriptions, impacts, and 
recommendations were provided for consideration on similar future GL2S projects. The 
following charts list the lessons learned from the project. 
 
 [Insert Table 13 about here] 
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Step 15: Communicating and celebrating the initial success 
One of the last, but very important, steps of the framework is to take the time to celebrate the 
initial success, even if it was something as simple as going out for a lunch to celebrate, which 
the team did.  
Step 16: Transition towards learning organization 
Table 12 shows encouraging results obtained from the pilot testing. It demonstrated the 
feasibility of the GL2S Framework and its prerequisites. In addition, the study confirmed the 
theoretical finding that Lean Six Sigma tools contribute to improve sustainability 
performance. In this context, VSM can be used to identify environmental wastes of 
production processes; 5S can be useful for improving waste management; and cellular 
manufacturing can be used to reduce electricity consumption. The study also found that TPM 
can reduce several machine-related impacts, such as emission to air, noise pollution and oil 
leakage. 
     The successful results motivated the project team to roll out the framework to other 
companies. The rollout phase of the framework was lunched in collaboration with companies 
C2, C3 and C4. These companies were from different sectors and affected by different 
environmental considerations. The framework implemented for this phase was the same as 
presented in section 5. Table 14 presents the basic characteristics of the companies where the 
GL2S Framework was applied. The results are presented in Table 15. 
 
 [Insert Table 14 about here] 
 [Insert Table 15 about here] 
 
     In addition to these quantifiable savings, the roll-out phase also generated other benefits 
including improvements in workers’ health and safety, staff communication and morale. This 
finding is in line with the results of the case studies conducted by Washington State 
Department of Ecology (2007a, 2007b, 2008a, 2008b). 
     The rollout phase of the framework was successful; it confirmed the results obtained in the 
pilot testing phase. Based on the results in Tables 12 and 15, we can conclude that the GL2S 
Framework is a suitable strategy for improving sustainability:  
• In terms of increasing the sustainable exploitation of natural resources and reducing 
the negative environmental impacts of industrial activities, the results showed that the 
GL2S Framework can help organizations  reduce their resources consumption by 20-
40% when they have the needed score of GL2SPI (score > 40 percent). 
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• In terms of cost saving opportunities, the implementation of the framework permitted 
a significant cost saving of 7-12% of the total cost of natural resources (i.e., energy, 
water, fuel, etc.) of the organizations. 
• In terms of confirming keys to management success of the proposed framework, 
various elements should be taken into consideration when implementing the 
framework. The two phases of our project confirmed the predefined keys that are 
critical to the success for the integration of Green and Lean Six Sigma initiatives (see 
section 6).  
 
6. Discussion 
Along the four GL2S projects a number of tactical lessons learned were identified: 
1. The project helped the four companies to achieve significant positive results. The team 
followed up the project with the companies 8 months after the implementation of the 
framework to verify whether these results were sustained. All four companies 
sustained the gains achieved during the GL2S initiative, although some attention to 
follow up and additional training was needed to prevent back sliding. For at least one 
company, C1, the pilot project enabled a better tracking of environmental savings, 
whereas the actual annual environmental cost savings for C2 were much higher than 
the estimates presented in the initial case study. 
2. In all four projects, companies successfully us d Lean Six Sigma tools and methods as 
a platform for identifying and implementing environmental improvement 
opportunities. The rudimentary understanding of Lean Six Sigma tools and their 
deployment results in ineffectiveness and misapplications. Thus, the application of 
these tools require training and co-operative environment. 
3. It is crucial to be flexible in the implementation of the proposed framework, 
recognizing that every organization is different. Thus, although the proposed 
framework is based on a systematic approach, it does not intend to be a rigidly 
prescribed way to conduct GL2s projects. In this case, companies can add, eliminate 
skip, or revisit steps according to their specific needs and situations.  
     Top management support and team participation were two important key successes factors. 
For example, in project C, there were significant changes in top management during the 
implementation of the framework, as well as some variability in the availability of team 
members. This impacted the implementation of the framework.  
 
Page 26 of 53
http://mc.manuscriptcentral.com/tprs  Email: ijpr@tandf.co.uk
International Journal of Production Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
24 
 
7. Conclusions 
With growing pressure from customers, regulators, and other stakeholders for improving 
social and environmental performance, sustainability is nowadays one of the strategic 
imperatives for organizations (Garza-Reyes 2015a). As a result, many management systems 
have been used, or integrated, to make progress towards achieving sustainability (Chiarini 
2015). 
     To overcome the limitations of the existing frameworks, this paper presents a framework, 
called GL2S framework, which integrates Lean Six Sigma and Green thinking to achieve 
economic, environmental and social sustainability. The framework was designed to explore 
the possible gains of integrating Lean Six Sigma and Green concepts in terms of reducing 
waste, consumption of natural resources and improving workplace health and safety. 
     GL2S consists of six keys to management success, a self-assessment model, and five 
phases sub-divided into sixteen steps. It aims to help companies of different sectors and sizes 
in a practical structured form to effectively implement GL2S, adjustments and modifications 
may be made to the proposed framework to be tailored to the specific needs and situations of 
every organization. The framework presented in this paper was developed for a factory level, 
providing the potential for future research to expand it to multi-factories and supply chain 
levels.  
     Before starting the implementation of the GL2S Framework, we identified a set of keys to 
management to ensure the effective and successful implementation of Green Lean Six Sigma 
initiatives: (i) leadership and people, (ii) Green and Lean Six Sigma tools, (iii) continuous 
process improvement, (iv) strategic planning, (v) stakeholders, (vi) results and knowledge 
management. 
     The framework was implemented in four companies that operate in different sectors, 
contexts and are affected by different environmental and social considerations. The 
framework is simple in structure and can be implemented without significant resources. With 
this advantage, small and medium-sized enterprises can easily implement the proposed 
framework. Based on the results obtained in this research project, we can conclude that GL2S 
Framework is a suitable strategy for achieving sustainability. Thus, it can be a part of a 
solution for organizations that are looking to achieve sustainability. 
     The GL2S framework presented in this contribution has been specifically tested in four 
different processes. Other processes, especially sensitive processes such as painting, chemical 
treatment and metal finishing, may be difficult to improve using this framework. The next 
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step will be to extend the proposed framework to multi-factory and supply chain levels. These 
expansions are part of the future research agenda derived from this paper.  
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Figure 1. Research approach. 
 
 
Figure 2.  Illustration of the five implementation phases adapted from Sherif et al. (2013). 
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Figure 3. A detailed illustration of the main implementation stages and sub-activities suggested to be carried out 
in every stage. 
 
 
 
Figure 4. Process of selection of the right indicators. 
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Figure 5. Radar chart shows a graph of the results. 
 
 
Figure 6. Lean Six Sigma and sustainability parameters compared to Lean Six Sigma and Sustainability 
Readiness Index. 
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Sustainability assessment 
1. Inputs and outputs assessment 
Weight  Low Medium Significant Important 
Inputs 
Water consumption     
Energy consumption     
Material consumption     
Fossil fuels consumption     
Outputs 
Solid waste generation     
Effluent discharge     
Emission to air     
Noise pollution     
2. Sustainability checklist 
 Yes No 
The organization measures and monitors the resource consumption for each process to identify opportunities for 
savings, to quantify flow-rate reductions and calculate possible resource and cost savings. 
  
The organization has details of nature, source, quantity and frequency of waste generated by different process.   
The organization investigates any unexplained increases in resources (water, energy, raw material…) consumption and 
waste generation. 
  
The organization set up inspection and maintenance plan to identify and repair all leaks in equipment’s and to ensure 
that the different systems and equipment’s are maintained at optimum performance levels. 
  
The organization ensures that process conditions (temperatures, pressures…) are in accordance with manufacturer's 
specifications. 
  
The organization considers the sustainable dimensions when select supplier, buy new equipment, designs product and 
process.  
  
The organization has investigated the use of waste and renewable energy sources.   
The organization has investigated the substitution of materials.   
The organization manages capacity and demands in order to ensure that process systems or equipment process are not 
oversized or under-utilized. 
  
The organization has conducted an environmental impact assessment.   
The organization has conducted a risk assessment to promote health and safety.   
The organization has a certification system (ISO 14001, SA 8000…) relative to sustainability.   
Figure 7. Results of the green assessment. 
 
 
Figure 8. Team member selection. 
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Figure 9. Lean Six Sigma and sustainability project selection grid. 
 
 
 
 
 
 
 
 
 
 
Figure 10.  SIPOCC diagram of fish and seafood canning process. 
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Figure 11. Voice of the Stakeholders Translation Matrix. 
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Figure 12. current state VSM.
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Figure 13. Pareto chart. 
 
 
Figure 14. Cause and effect diagram. 
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Table 1. Classification of frameworks, models, and methodologies. 
No Author’s Year 
Research 
stream 
Novel / adapted Source Verification Mode of verification Sectors 
1 Pampanelli et 
al. 
2014 Lean and 
Green 
 Novel Academician-based Yes  Case study Automotive 
Manufacturing 
2 Wong and 
Wong 
2014 Lean and 
Green 
 Novel Academician-based Yes  Case study Semiconductor 
manufacturing 
3 Zhang and 
Awasthi 
2014 Six Sigma 
and Green 
 Novel Academician-based No - - 
4 Sawhney et al. 2007 Lean and 
Green 
 Novel Academician-based Yes  Case study Metal cutting 
industry 
5 Torielli et al. 2010 Lean and 
Green 
 Novel Academician-based No - Foundries 
6 Bergmiller 
and McCright 
2009 Lean and 
Green 
Novel Academic- and 
consultant-based 
No - - 
7 Duarte and 
Cruz-Machado 
2013 Lean and 
Green 
Adapted Academician-based No - - 
8 Aguado et al. 2013 Lean and 
Green 
 Novel Academician-based Yes  Case study Forming tube 
company 
9 Azevedo et al. 2012 Lean and 
Green 
 Novel Academician-based Yes Case study Automotive industry 
10 Ng et al. 2015 Lean and 
Green 
 Novel Academician-based Yes Case study Metal industry 
11 Cluzel et al. 2010 LSS and 
Green 
Adapted Academic- and 
practitioners-based 
No - Aluminium 
Electrolysis 
Substations 
12 Verrier et al. 2013 Lean and 
Green 
 Novel Academician-based Yes Case study Consortium of 
companies 
13 Alves and 
Alves 
2015 Lean and 
Green 
 Novel Academician-based No - - 
14 Banawi and 
Bilec 
2014 LSS and 
Green 
Adapted Academician-based Yes Case study Construction 
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Table 2. Analysis of frameworks, models, and methodologies. 
No Author’s Key contribution Limitations 
1 Pampanelli et 
al. 
Propose a model, which integrates Lean and sustainability. The 
model is based on Kaizen philosophy to increase the 
sustainability performance in organizations that have already 
implemented Lean production. 
The model is developed and tested only at the cell level. 
The model needs some pre-requisites that may be limit their applicability. 
2 Wong and 
Wong 
Propose a new framework to integrate the social dimension in 
Lean initiative for promoting sustainable industrial development. 
The framework doesn’t incorporate the environmental and economic 
dimensions. 
3 Zhang and 
Awasthi 
Propose a framework which integrates Six Sigma and 
sustainability. This framework fully presents necessary steps to 
achieve a truly sustainable development.  
The framework is not validated in reality environment.  
There is less focus on economic dimension. 
4 Sawhney et al. Propose a framework to help companies to integrate Lean and 
environmental for particular manufacturing processes. 
The framework is developed and tested for a particular manufacturing process. 
 
5 Torielli et al. Propose a framework for implementing Lean and sustainability. 
This framework is supported by four pillars: throughput 
improvement, energy efficiency, innovative technology, and 
community partnerships. 
The framework is developed for foundry industry. 
 
6 Bergmiller 
and McCright 
Propose a model to integrate Lean and Sustainability systems into 
one system that can contribute significantly to the long-term 
financial and environmental sustainability. 
The model is not validated in reality environment.  
  
7 Duarte and 
Cruz-Machado 
Propose a model for implementing Lean and sustainability 
initiative. The model indicates how and when Lean and Green 
strategies can be synergetic and compatible, using principles and 
tools from the two philosophies. 
This model can be developed using an exploratory case study methodology to 
und rstand if it is important to industry and where the compatibilities between 
Lean and Green are. 
8 Aguado et al. Propose a model, which utilizes efficient sustainable 
improvements in a Lean manufacturing through practices of 
environmental innovation. 
The proposed model still has room for improvement. 
9 Azevedo et al. Propose a theoretical framework for the study and examination of 
the impact of Lean and Green initiatives on the sustainability 
performance of supply chain. 
 
The framework has developed for automotive supply chain in Portugal and the 
results cannot be generalized to other sectors and countries. 
10 Ng et al. Propose a methodology for integrating Lean and Green 
manufacturing based on Lean and Green metrics. 
Some of the supporting tools and techniques that have been used in this case 
study they may not be applicable in other case studies.  
11 Cluzel et al. Propose an original eco-design methodology aims to integrate 
Green and Lean Six Sigma philosophies for complex product 
environmental assessment and improvement. 
Some steps are difficult to implement with this methodology. 
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No Author’s Key contribution Limitations 
12 Verrier et al. Suggests a framework for integrating Green and Lean 
manufacturing, which comprises Green performance indicators, 
Lean indicators and Green intentions indicators. 
The framework is more appropriate and applicable if there is a group of 
organizations available for benchmarking their experiences in order to share 
the best knowledge’s and practices. 
13 Alves and 
Alves 
Proposes a new methodology for implementing Lean production 
and sustainability. This process of integration is based essentially 
on cultural transformation in the organization. 
The model proposed need to be tested to validate its effectiveness.  
14 Banawi and 
Bilec 
Proposes a new framework for integrating Lean, Six Sigma and 
Green strategies for construction industry in order to reduce the 
environmental impacts. 
The framework requires additional validation. 
The framework is developed only for construction process. 
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Table 3. Selected companies. 
Company Size Business sector Number of workers Sales 2015 Country 
C1 SME Agri-food 270 $ 60 M Morocco 
C2 Multinational Textile industry 1500 $ 207 M Morocco 
C3 SME Tannery industry 140 $ 43 M Morocco 
C4 Multinational Hotel 71 $15 M Morocco 
 
Table 4. Key drivers for integrating Lean Six Sigma and Green. 
Internal drivers External drivers 
Cost reduction and profitability  Consumers requirements 
Process improvement  Regulators demands and government policies 
Employee satisfaction  Shareholders complaints 
Improvement of corporate image Market competition  
Source: Adapted from Cherrafi et al. (2016). 
 
Table 5. Key responsibilities and roles of managers and their performance measures. 
Element  Key responsibilities Performance measures 
Leadership 
and top 
management 
commitment  
Linking Lean Six Sigma and Green 
initiative to organization strategy 
Develop a strategic plan for the deployment of 
Lean Six Sigma and Green initiative 
Support and motivate the teams in the 
implementation process 
Provide resources and budget for Lean Six 
Sigma and Green improvement efforts 
Removing roadblocks and barriers to 
implementation 
Addressing conflict and 
managing transitions  
Invest their time in training and learning more 
about Lean Six Sigma and sustainability 
Communicate the need for integrating 
Lean Six Sigma and sustainability 
Recognize and reward employees’ efforts. 
Making the project of integrating Lean 
Six Sigma and Green one of the top five 
priorities of the organization 
Monitor the progress of Lean Six Sigma and 
Green improvement efforts. 
Ensures that the framework is followed 
appropriately 
 
Source: authors. 
 
Table 6. Indicator selection.  
Experience level  Number of indicators to select Basis of indicator selection  
Beginner  1-5  Data already available and collected.  
Intermediate  6-12  Priorities highlighted through your issue identification.  
Advanced  
 
13-18+  
 
All indicators relevant to the facility.  
Additional indicators may be developed to facilitate 
further improvement.  
Source: authors. 
 
Table 7. Manufacturing and environmental characteristics of the company C1. 
Manufacturing and environmental characteristics C1 
Industrial sector Food industry (canned fish) 
Project date May 2015 – August 2015 
Readiness for Lean Six Sigma and Green initiative
* 
 
Leadership and people 60% 
Green and Lean Six Sigma tools 41% 
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Process improvement 54% 
Strategic planning 58% 
Stakeholders  43% 
L3SRI 52% 
Mass and energy flows Energy consumption 
Water consumption 
Steam usage 
Chemicals usage 
Oils usage 
Fish waste 
Energy and materials actual Data: 
consumption 
and waste generation 
Energy consumption: 1,519.10
9
 J/month 
Water consumption: 4841 m
3
/month 
Soda usage: 6,000 kg/month 
Oils usage: 200,000 kg/month 
Fish waste: 481,000 kg/month 
* Calculation is based on the self-assessment (see appendix 5). 
 
Table 8: Project charter. 
Project title Improvement of the sustainability performance of fish and seafood canning process 
Expert Mr X Coordinator Authors team 
Team members See step 4 Stakeholders See step 6 
Start date 27/05/2015 Completion date 29/08/2015 
Element Description 
Problem Excessive use of natural resources (water, energy, oil and soda). 
Poor working condition. 
Objective Improving the sustainability performance by:  
1. Reducing energy consumption by 30 %. 
2. Reducing water consumption by 15 %. 
3. Reducing oil consumption by 2 %. 
4. Reducing soda consumption by 10%. 
5. Better stakeholders’ satisfaction. 
The company decided on the following sustainability policy: 
1. To improve  sustainability performance in order to  meet the demands of the local and central 
authorities; 
2. To receive no complaints from neighbors. 
Project scope Fish and seafood canning process. 
Benefits Improve competitively and reduce the costs, stakeholders’ satisfaction, reduce the environmental impact of the 
process, improve working condition.  
Tools and techniques to 
be employed 
VSM, 5S, 5M, Pareto chart, TPM, Manufacturing cell, Standardized work, Just-in-Time Production, Visual 
control, SPC. 
Constraints Timeframe, commitment, data availability. 
Schedule   Activity  Start date Completion date 
Phase 0: Readiness for Lean Six Sigma and Sustainability initiative 07/10/2014 30/10/2014 
Phase 1: Conceptualization stage 01/11/2015 20/11/2015 
Phase 2: Implementation design stage 22/11/2015 25/11/2015 
Phase 3: Implementation and evaluation stage 26/11/2015 17/03/2015 
Phase 4: Sharing knowledge and continuous improvement for 
sustainability 
18/03/2015 29/03/2015 
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Table 9: Selection of performance indicators. 
Improvement 
area 
Data needs Indicator  Data collection process 
Energy  Energy consumption for each  
process step  
Electricity consumption [J]/weight [kg] 
of raw materials used  
Company “C1” already had 
a rigorous data collection 
process in place for 
measuring the quality 
performance. This process 
was expanded to collect the 
sustainability data.   
Water  Water consumption for each  
process step  
Water consumption [m3]/weight [kg] of 
raw materials used 
Fuel  Steam consumption for each  
process step  
Steam consumption [ kg]/weight [kg] of 
raw materials used 
Effluents Effluent generation for each  
process step  
Effluent generation [ m3]/weight [kg] of 
raw materials used 
Working 
condition 
Physical work Physical Load Index (PLI) 
Work environment risk Rating system of 1- 5 
Emission to air Odor  - 
Noise pollution  Noise level  Noise levels [dB]  
 
 
Table 10. The improvement plan. 
Improvement action In-charge department Schedule 
5S Quality  July 2015 
Manufacturing cell Production August 2015 
Standardized work Process engineering  August 2015 
TPM Maintenance August 2015 
Just-in-Time Production Production August 2015 
Visual control Process engineering August 2015 
SPC Quality August 2015 
 
Table 11. FMEA. 
Risk causes Possibility Influence Risk score Prevention actions 
Employee 
withdrawal 
2 4 8 Establish the document of processing guide. 
Create a Supportive Culture. 
Employee 
resistance 
3 7 21  Identify the root causes of resistance. 
 Engage the “right” resistance managers. 
Communicate the need for change, the impact 
on employees and the benefits to the employee. 
Poor decisions 
made without 
meetings 
2 5 10 Application of Lean Six Sigma tools (Multi-
Voting, Pugh matrix, Force Field Analysis…) 
for making decisions objectively. 
 
 
Table 12. Pilot project’s results. 
Environmental aspects Saving      (US$/year) Energy and flows savings 
Energy consumption 221,681 $ 11,394.106 J/year (31.82%) 
Water consumption 39,817 $ 25,897 m3/year (14.9%) 
Oil consumption  42,666 $ 48,000 kg/year (2%) 
Soda consumption 7,043 $ 7,400 kg/year (10%) 
Total cost saving       311,207 $ 
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Table 13. Lessons learned from the project. 
Category Issue Name Problem/ Success Impact Recommendation 
Measurement 
process  
Data collection The operators was 
not fully engaged in 
the data collection 
process 
Bad data found later 
extends project and 
breaks project focus. 
Data is a key element to implement 
Green Lean Six Sigma project. With 
the correct data, analysis and solution 
implementation become easier for the 
project team. 
Verify data early in the process.   
Project goals 
and objectives 
 
Specificity of project goals The team was very 
specific in the 
definition of the 
goals and objectives 
of project. 
Achieving the 
objectives of project 
according to plan. 
Being specific in your goals and 
objectives makes the process of results 
extraction simpler and much more 
meaningful.  
Green Lean Six 
Sigma tools 
VSM The environmental 
waste and causal 
factors was 
identified 
effectively.  
Achieving the 
objectives of project 
according to plan.  
VSM offer an effective and systematic 
view of the organization’s processes to 
identify the different environmental 
waste. 
 
 
 
 
 
Table 14. Manufacturing and environmental characteristics of the companies C2, C3 and C4. 
Manufacturing and environmental 
characteristics 
C2 C3 C4 
Industrial / service sector Textile industry Tannery industry Hotel  
Project date June – February 2015    January – October 2015 November – January 
2016  
Readiness for Lean Six Sigma and Green 
initiative
* 
   
Leadership and people 79% 58% 70% 
Green and Lean Six Sigma tools 81% 50% 25% 
Process improvement 80% 59% 74% 
Strategic planning 85% 48% 85% 
Stakeholders  67% 40% 91% 
L3SRI 78% 51% 69% 
Mass and energy flows Electricity consumption 
Water consumption 
Propane consumption 
Chemicals consumption  
 
Electricity consumption 
Water consumption 
Salt consumption 
Chrome consumption 
Splits waste 
Electricity consumption 
Water consumption 
Gas consumption 
 
Energy and materials actual Data: 
consumption 
and waste generation 
Energy consumption: 
1,919.10
9
  J/month 
Water consumption: 
1,012 m
3
/month 
Propane consumption: 
18.5 m
3
/month 
Chemicals consumption : 
38,000 kg/month 
 
Electricity 
consumption: 5,148.10
9
 
J/month 
Water consumption: 
384,00 m
3
/ month 
Salt consumption: 
804,000 kg/month 
Chrome consumption: 
125,000 kg/month 
Splits waste: 128,000 
kg/month 
Electricity 
consumption: 760.10
9
 
J/month 
Water consumption: 
4,687 m
3
/ month 
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Table 15. Improvement opportunities and results identified. 
 C2 C3 C4 
Example of 
improvement 
opportunity 
implemented 
Energy saving: recovery of steam 
condensate; insulation 
of hot surfaces;  installation of a 
combustion control system; 
improvement of the power factor;  
use of indirect steam for 
bleaching baths and drying, 
heating of dyeing ; optimization 
and control of lighting system; 
optimization of compressed air;  
Installation of a steam boiler 
using olive pomace as fuel.  
Improvement of chemicals 
management by optimization of 
control and balancing procedures, 
improvement of the chemicals 
balancing chamber. 
Water savings: recycling of water 
and steam condensate; elimination 
of water leaks. 
Energy saving: insulation of hot 
water pipes and steam; installation 
of a boiler economizer, recovery of 
heat losses from the compressor 
into the dryer section. 
Water savings: recycling of rinsing 
baths and soaking from post-
tanning and tanning processes and 
their reuse in others processes; 
Improvement of consumption 
control and detection of 
overconsumption by installation of 
submeters at each process. 
Reuse of retrieved chrome; 
Reduction of salt as a conservation 
Agent by installation of a cold 
chamber ; 
Valorization of splits waste: The 
company has put in place a process 
to valorize splits resulting from the 
fleshing processes. 
 
Organization of a series of 
training sessions in order to 
increase awareness among 
employees regarding water and 
energy saving and waste 
management. 
Energy efficiency: 
Turn off fluorescent lights and 
lights in all areas of the hotel. 
Awareness and information rising 
of energy efficiency through 
posters. 
Control of operating hours of 
heating and air conditioning. 
Hotel lighting control. 
Water reduction: 
The garden of the hotel is watered 
at night 
Awareness and information 
raising of water reduction through 
posters 
Reuse of towels when possible 
Example of 
tools used 
VSM, 5S, SMED, Visual 
management 
VSM, 5S, TPM, Poka-Yoke 5S, TPM, VSM 
Saving 
(US$/year) 
Energy consumption: 265,876$ 
Water consumption: 3,982$ 
Propane consumption: 184,900$ 
Chemicals consumption : 19,577$ 
Electricity consumption: 222,755$ 
Water consumption: 46,993$ 
Salt consumption: 75,281$ 
Chrome consumption: 29,859$ 
Splits waste: 55,300$ 
Electricity consumption: 
123,840$ 
Water consumption:30,400$ 
Energy and 
flows savings 
Energy consumption: 7,452.10
9
 
J/year (32.4%) 
Water consumption: 3,500 
m
3
/year (28.9%) 
Propane consumption: 18.5 
m
3
/year (100%) 
Chemicals consumption: 22,700 
kg/year (4.98%) 
Electricity consumption: 6,159.10
9
 
J/year (10%) 
Water consumption: 38,400 
m
3
/year (8,34%) 
Salt consumption: 975,000 kg/year 
(9,9%) 
Chrome consumption: 450,000 
kg/year (30%) 
Splits waste: 128,000 kg/year 
(100%) 
Electricity consumption: 2,074. 
10
9
 J/year (22.75%) 
Water consumption: 10,236 
m
3
/year (18.2%) 
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Appendix 1.  Self-assessment models proposed for testing the preparedness of organizations for Lean Six Sigma and Green initiative 
1. Assessment of maturity level 
Maturity phase 
Assessment Areas 
Level 1: 
1%-19% 
Limited 
Level 2: 
20%-39% 
Fair 
Level 3: 
40%-59% 
Good 
Level 4: 
60%-79% 
Very good 
Level 5: 
80%-100% 
Excellent 
Leadership and 
people 
The leadership team develops and communicates vision, mission and values which drive improvement and 
excellence.  
     
The leadership team is actively engaged to integrate Lean Six Sigma and Green in the different processes.      
The leadership team is fully in support an organisational culture which encourages organisational change, and 
improvements. 
     
The leadership team develops and sustains ethical behavior in organizational governance and management.      
The leadership team allocates necessary resources for improvement.      
People are committed to the organization’s mission and vision of excellence and continuous improvement.      
Employees are involved and empowered in the deployment of Lean Six Sigma and Green.      
The Organization support training, coaching and employee development.      
The organization has developed a management system that measures, encourages and recognizes the employee 
engagement and participation to ensure the organization’s success. 
     
Green and Lean 
Six Sigma tools 
The organization is engaged to integrate the sustainable development in their processes and ensure responsible 
governance. 
     
The organization has a well-defined mechanism for identifying opportunities for improving sustainability and 
reduces the negative impact of their processes. 
     
Employees have solid Lean Six Sigma skills.      
Lean Six Sigma techniques and tools are used regularly.      
Processes 
improvement 
The improvement process is based on customer and stakeholder requirements and needs.      
There is a system to collect and to interpret data and information for making decisions regarding changes and 
improvement. 
     
The organization has a solid system to measure; analyze root causes and prevention of future occurrences.      
The organization has a systematic process for maintaining and monitoring the improvement.      
Strategy and 
planning 
The organization develops their strategic planning based on the internal capabilities, the external environment 
and with inputs from stakeholders. 
     
The organization determines the key strategic objectives and timetable for achieving them. The objectives are 
quantifiable, comprehensive and forward-looking. 
     
The key strategic objectives are translated into action plans in which turn are cascaded through all levels of 
management and translated into specific tasks and works in departments, teams, and individuals. 
     
Stakeholders The organization has a proactive relationship with key stakeholders to identify opportunities and enhance its 
value proposition. 
     
Stakeholder’s expectations and requirements are incorporated into the strategic planning and implementation 
processes. 
     
Stakeholder’s satisfaction is monitored through different communication channels.       
The organization has a system to identify and select its partners who support the organization’s strategy.      
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Result and 
Knowledge 
management 
There are appropriate indicators for monitoring and evaluation of business results (cost, quality, delivery, 
people development, sustainability…). 
     
The organization reviews performance and progress towards the strategic targets and produces assessment 
reports. 
     
The organization has an effective system for collecting and managing information and knowledge which are 
shared with stakeholders and are used to support organisational learning and decision-making in order to drive 
superior performance. 
     
 
2. Green assessment 
 
1. Inputs and outputs assessment 
Weight  Low Medium Significant Important 
Inputs 
Water consumption     
Energy consumption     
Material consumption     
Fossil fuels consumption     
Outputs 
Solid waste generation     
Effluent discharge     
Emission to air     
Noise pollution     
2. Green checklist 
 Yes Non 
The organization measures and monitors the resource consumption for each process in order to reduce the different wastes.   
The organization has details of nature, source, quantity and frequency of waste generated by different process.   
The organization investigates any unexplained increases in resources (water, energy, raw material…) consumption and waste generation.   
The organization set up inspection and maintenance plan to detect and repair all leaks in equipment’s and to ensure that the different systems and equipment’s are maintained at optimum 
performance levels. 
  
The organization ensures that process conditions (temperatures, pressures…) are in accordance with manufacturer's specifications.   
The organization considers the sustainable dimensions when select supplier, buy new equipment, designs product and process.    
The organization has investigated the use of waste and renewable energy sources.   
The organization has investigated the substitution of materials.   
The organization manages capacity and demands in order to ensure that process systems or equipment process are not oversized or under-utilized.   
The organization has conducted an environmental impact assessment.   
The organization has conducted a risk assessment to promote health and safety.   
The organization has a certification system (ISO 14001, SA 8000…) relative to sustainability.   
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Appendix 2.  List of some websites that provide information on the integration of Lean Six Sigma and sustainability 
No. Organization Website URL 
1 US Environmental Protection Agency 
 
www.epa.gov/Lean 
2 Washington State Department of 
Ecology 
www.ecy.wa.gov/programs/hwtr/Lean 
3 Erath consultants http://www.Leansixsigmaenvironment.org/ 
4 Zero Waste Network  http://zerowastenetwork.org/ 
5 Lean and Green Summit www.LeanandGreensummit.com 
6 Society of Manufacturing Engineers, 
Lean to Green Sustainability Tech 
Group 
www.sme.org 
 
Appendix 3.  Environmental and social benefits that can be achieved after the application of Lean / Six Sigma tools 
Lean Six Sigma 
tools and 
techniques 
Environmental and social benefits References 
5S - Help to keep an organized and cLean workplace, which can decrease the use of natural resources and 
encourage peoples to correctly eliminate undesirable objects. 
- Can assist companies to improve energy and materials efficiency by reducing space required for the 
operation and calling attention to environmental wastes. A cLean workshop will quickly show a leak 
in a system, where resources are being wasted. 
- Helps to improve the company’s handling and storage of hazardous materials and waste, and thus 
reduce the risks of spills and mishandling. 
- Can help organizations to reduce risks, improve waste management, and minimize risks to the health 
and safety of workers and the environment by providing cLean and accident–free work areas. 
- Reduces the chance that materials expire or become off–specification before they can be used and 
then require disposal. 
Fliedner (2008); Vais et al. (2006); 
Langenwalter (2006); Wilson (2010); 
Torielli et al. (2010); EPA (2006); 
Washington State Department of Ecology 
(2007a); Vinodh et al. (2010); Pojasek 
(1999a);  EPA (2004); Chiarini (2014); Bae 
and Kim (2007) 
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Lean Six Sigma 
tools and 
techniques 
Environmental and social benefits References 
Kaizen - Provides a problem–solving culture with scientific and structured thinking, which will help 
organizations to resolve environmental issues. 
- Develops the engagement of employees and unleashes their creativity leading to the promotion of 
innovation for environmental and social progress. 
- It helps to reduce material wastes and pollution, which ensures a safe and healthy place to work. 
- Can serve as the driving force for reducing different environmental impacts generated by processes.   
 
Fliedner (2008); Pampanelli, et al. (2013); 
Miller et al. (2010); Pampanelli et al. (2011); 
Maxwell et al. (1998); Vais et al. (2006); 
Soltero and Waldrip (2007); Rothenberg et 
al. (2001); Nahmens (2009); Pojasek 
(1999a); Bae and Kim (2007); Zhang and 
Awasthi (2014); Wilson (2010); Pampanelli 
et al. (2014); EPA (2003); Washington State 
Department of Ecology (2007b); Vinodh et 
al. (2010); EPA (2004) 
Value Stream 
Mapping  
(VSM) 
- Facilitates identification and visualization of no value added in the production line, thus helping 
organizations to avoid excess consumption and environmental waste such as water, energy 
consumption, and solid and hazardous waste and air emission. 
- Through VSM, operators became aware of environmental impacts of production processes. This 
leads to identifying the best method of using the different resources, which allows organizations to 
realize important environmental benefits. 
- VSM can be used as a support technique for life cycle assessment. 
- VSM is one of the best visual tools that could be used to improve communication with stakeholders 
to understand the generation and flow of value and environmental wastes during processes.  
- VSM could help to improve ergonomics, worker health and safety.  
Sobral et al. (2013); Langenwalter (2006); 
Torielli et al. (2011); Park and Linich 
(2008); EPA (2007); Maskell and Pojasek 
(2008); Washington State Department of 
Ecology’s (2007); Vinodh et al. (2010); 
Aguado et al. (2013); EPA (2004); Chiarini 
(2014); Bae and Kim (2007); Ng et al. 
(2015); Marudhamuthu and Krishnaswamy 
(2011) 
Kanban /Pull - Practice focuses on reducing inventory levels and provides the right products at the right time in the 
right quantity to satisfy the manufacturing needs. This technique could help to: 
 Reduce the different wastes result from deteriorated, damaged and spoiled products. 
 Lead to a slight increase in energy, water consumption and hazardous waste volumes. 
 Provide workshop space utilization. 
 Facilitate identification of failures and unnecessary movements in the different production 
processes, which allows organization to reduce the resources consumption and wastes. 
Fliedner (2008); Herrmann et al. (2008); 
Sobral et al. (2013); Longoni and Cagliano 
(2011); Vinodh et al. (2010); Kováčová 
(2013); EPA (2004); Ng et al. (2015); 
Washington State Department of Ecology 
(2007a); King and Lenox (2001b); 
Rothenberg et al. (2001) 
Cellular 
manufacturing  
- Could help companies to reduce the set–up times and change over time, which contribute to a 
decrease in energy and resource consumption. 
Fliedner (2008); Vinodh et al. (2010), 
Chiarini (2014) 
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Lean Six Sigma 
tools and 
techniques 
Environmental and social benefits References 
TPM - Can help organization to improve the longevity of equipment’s which reduces need for replacement 
equipment and associated environmental impacts. 
- Encourages proactive and preventive maintenance of equipment to improve its useful life and avoid 
process problems that produce rework and scrap, leading to a reduced amount of product, energy and 
raw materials waste. 
- Helps to reduce breakdown labor rates, lost production, thus reducing energy and material 
consumption. 
- Increases worker health and safety because new technologies are often substituted for old machines 
and there are fewer breakdowns with their potential for injury. 
Fliedner (2008); Vais et al. (2006); Sobral et 
al. (2013); Longoni and Cagliano (2011); 
Marudhamuthu and Krishnaswamy (2011); 
Vinodh et al. (2010); Chiarini (2014); 
Pojasek (1999b) 
SMED - The reduction of equipment set–up time helps to reduce inventory and overproduction, which helps 
to reduce environmental waste (i.e. material, water and energy consumption and waste generation). 
- Could help organizations to minimize the environmental impacts of their equipment’s, such as 
emissions to air and oil leakage. 
Moreira et al. (2010); Kováčová (2013); 
Chiarini (2014); Ng et al. (2015); 
Marudhamuthu and krishnaswamy (2011); 
Washington State Department of Ecology’s 
(2007a) 
Supplier 
relationship 
- Could help to extend environmental responsibility across the supply chain. 
- Could help the suppliers to realize important environmental gain (e.g., decreasing energy 
consumption and waste generation, etc.) across their supply chain.  
Fliedner (2008); Corbett and Klassen 
(2006); Miller et al. (2010); Simpson and 
Power (2005); Vinodh et al. (2010) 
Poka–yoke 
(errorproofing) 
- Contributes to minimize defects therefore reducing resources consumption (energy, water, raw 
material) and emissions, etc. 
Vinodh et al. (2010); Pojasek (1999b) 
Six Sigma - Presents an effective methodology for problem solving and decision making. It can help managers 
and leaders to understand and solve the environmental and social problems. 
- Focuses on reducing defects to improve product quality, which helps to reduce environmental waste 
(i.e. material, water and energy consumption and waste generation). 
- Helps to reduce the potential accidents, leading to safer and healthier working conditions for the 
operators. 
Fliedner (2008); Kadry (2013); Calia et al. 
(2009); Wilson (2010); Vinodh et al. (2010); 
Pojasek (1999b) 
Statistical 
Process Control 
(SPC) 
- Could be used to monitor and to develop better understanding of critical environmental parameters 
such as water, energy and raw material consumption, CO2 emissions, etc. 
- Will help to drive improvements in both process control and environmental control. 
- Assess to understand the degree and causes of variation of environmental parameters and thus will 
provide a quantitative–scientific base for analysis, decision making and regulatory action. 
Wilson (2010); Torielli et al. (2011); Garza–
Reyes et al. (2014) 
Visual 
management 
(Andon line) 
- Help to identify and eliminate undesirable objects therefore less environmental wastes. 
- The use of Andon line to stop production in case of quality problems until resolution of problem 
leads to reduced energy and resource needs. 
- Environmental issues can be integrated into Andon systems in order to call attention to 
environmental problems when they occur. 
Herrmann et al. (2008); Sobral et al. (2013); 
Vinodh et al. (2010) 
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Lean Six Sigma 
tools and 
techniques 
Environmental and social benefits References 
Analysis tools 
(5why’s, Pareto 
charts, cause–
and–effect 
diagrams…) 
- Could be used to stimulate the development of solutions: 
 To reduce/eliminate environmental wastes identified in the manufacturing processes. 
 To improve ergonomics, worker health and safety, and staff morale. 
- Could be used to understand the root–cause of environmental wastes, which leads to reduced  
excessive use of energy, water, raw material, emissions, etc. 
Langenwalter (2006); Garza–Reyes et al. 
(2014); Maskell and Pojasek (2008); Ng et 
al. (2015); Washington State Department of 
Ecology (2007b) 
Standardized 
work / 
Qualification 
- Promote the development of sustainable methods over time that will lead to reduced variation in the 
process and products, which decreases water, energy and raw material consumption. 
Washington State Department of Ecology 
(2007a); Chiarini (2014); Herrmann et al. 
(2008); Kováčová (2013) 
Plant layout 
reconfiguration 
- Can be a powerful way to help companies reduce wastes and improve environmental performance 
leading to reduced materials, emissions, energy consumption and cost savings. 
- Reduce risks and improve the working environment, leading to safer and healthier working 
conditions for the operators. 
- Improved ergonomics and staff morale. 
Washington State Department of Ecology 
(2007a); Aguado et al. (2013) 
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Appendix 4. Physical Load Index (PLI) Assessment Questionnaire (Based on Hollman et al. (1999)) 
 Trunk Never Seldom Sometimes Often Very often 
T1 
straight, upright      
T2 
slightly inclined      
T3 
strongly inclined      
T4 
twisted      
T5 
laterally bent      
 Arms Never Seldom Sometimes Often Very often 
A1 Both below Shoulder      
A2 One arm above shoulder      
A3 
Both Arms Above Shoulder      
 Legs Never Seldom Sometimes Often Very often 
L1 
Sitting      
L2 
Standing      
L3 
Squatting      
L4 Kneeling with one or both      
L5 Walking, Moving      
 Weight - Upright Never Seldom Sometimes Often Very often 
Wu1 
Light      
Wu2 
Medium      
Wu3 
Heavy      
 Weight -  Inclined Never Seldom Sometimes Often Very often 
Wi1 
Light      
Wi2 Medium      
Wi3 Heavy      
  Never Seldom Sometimes Often Very often 
 Scores 0 1 2 3 4 
PLI Score computation: PLI = 0.974 x T2score + 1.104 x T3score + 0.068 x T4score + 0.173 x T5score + 0.157 x A2score + 0.314 x A3score + 0.405 x L3score 
+ 0.152 x L4score + 0.152 x L5score + 0.549 x Wu1score + 1.098 x Wu2score + 1.647 x Wu3score + 1.777 x Wi1score + 2.416 x Wi2score + 3.056 x Wi3score 
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Appendix 5. Work environment risk rating system adapted from Faulkner and Badurdeen (2014) 
Level Description 
- Potential risk does not exist. 
1 Risk is present but has low impact and probability of occurring. 
2 Risk is present but has low impact and high probability or high impact and low probability of occurring. 
3 Risk is present but has medium impact and medium probability of occurring. 
4 Risk is present but has either medium impact and high probability of occurring or high impact and medium probability of occurring. 
5 Risk is present but has high impact and high probability of occurring. 
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